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REMARKS 

Initially, in the Office Action dated July 19, 2005, the Examiner has objected to 
the Information Disclosure Statement filed May 16, 2005 alleging that it fails to 
comply with 37 C.F.R. §1 .98(a)(2) which requires a legible copy of each cited foreign 
patent document; each non-patent literature publication or that portion which cause it 
to be listed; and all other information or that portion which cause it to be listed. The 
Examiner rejects claims 34-52 and 54-60 under 35 U.S.C. §1 03(a) as being 
unpatentable over U.S. Patent No. 6,271 ,1 10 (Yamaguchi et al.) in view of Japanese 
Patent No. 05-121409 (Akira), U.S. Patent No. 5,643,831 (Ochiai et al.) and 
Japanese Patent No. 05-206221 (Michihiko et al.) as previously applied. Claim 53 is 
allowable over the prior art. 

By the present response, Applicants have amended claim 34 to further clarify 
the invention. Claims 34-60 remain pending in the present application. 
Information Disclosure Statement 

The Examiner has objected to the Information Disclosure Statement filed May 
16, 2005 alleging that it fails to comply with 37 C.F.R. §1 .98(a)(2) which requires a 
legible copy of each cited foreign patent document; each non-patent literature 
publication or that portion which cause it to be listed; and all other information or that 
portion which cause it to be listed. Applicants submit that the Information Disclosure 
Statement filed May 16, 2005 t 1ncluded copies of each of the references cited in the 
Form PTO-1449. In addition, abstracts of the non-English language references were 
also attached. Applicants attach an additional copy of the references and the 

European Search Report for the Examiner's convenience. A copy of the date 
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stamped postcard showing the Patent Office's receipt of the Information Disclosure, 
PTO Form- 1449, European Search Report and 4 references is also attached. 
Applicants submit that the Information Disclosure Statement was submitted before a 
Final Office Action and within three months of the date of the European Search 
Report and, therefore, no fees are due in connection with the Information Disclosure 
Statement. 
Interview Summary 

Applicants thank the Examiner for granting the interview conducted on 
December 14, 2005. In the interview, arguments were presented to overcome the 
cited references, particularly Yamaguchi. The Examiner indicated that Applicants 
arguments regarding claim 34 appeared to overcome the Yamaguchi reference. 
However, the Examiner indicated that further consideration would be required. In 
this response, Applicants have reiterated the arguments made during the interview. 
35 U.S.C- 6103 Rejections 

Claims 34-52 and 54-60 have been rejected as being unpatentable over 
Yamaguchi, et al. ("Yamaguchi") in view of Akira, Ochiai, et al. ("Ochiai"), and 
Michihiko, et al. ("Michihiko"). Applicants have discussed the deficiencies of each of 
these references in Applicants' previously filed response and reassert all arguments 
submitted in that response. Applicants respectfully traverse these rejections and 
provide the following additional remarks. 

Claims 34-52 and 54-60 are directed to a method of producing a 
semiconductor device, including the steps of: forming a plurality of pyramidal 

electrodes of the semiconductor device; and connecting the pyramidal bump 
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electrodes to pad electrodes of the semiconductor device. The step of forming the 
plurality of bump electrodes includes: a step of forming pyramidal etched holes by 
anisotropically etching a base material having a crystal orientation; and a step of 
filling up the etched pyramidal holes by plating a metal to form the pyramidal bump 
electrodes, where the shape of the pyramidal bump electrodes is identical to the 
etched pyramidal holes. 

Regarding claim 34, and as explained during the interview, Applicants submit 
that none of the cited references, taken alone or in any combination, teach or 
suggest " a step of filling up the etched pyramidal holes b v plating a metal to form the 
pyramidal bump electrodes, wherein the shape of the pyramidal bump electrodes is 
identical to a shape of the etched pyramidal holes " as recited in claim 34. As shown 
in Figs. 7(a)-7(i), and as described on page 17, line 14 to page 20, line 18, the 
present application discloses the formation of pyramidal bumps, which adapt the 
same shape as the pyramidal holes. To the contrary, none of the cited references, 
either alone or in combination, disclose this feature. For example, Yamaguchi 
discloses the formation of bumps (Figs. 2B and 2C, item 34), where the bumps are 
ultimately "formed in a pincushion shape" (column 5, lines 5-6). Furthermore, the 
metal balls used to form the bumps in Yamaguchi "are not completely molten" 
(column 6, lines 60-66). In this way, the metal balls do not completely melt so as to 
completely adapt the shape of the disclosed pyramidal holes. This incomplete 
melting of the metal balls results in the more rounded bumps shown in Fig. 2B, item 
34, which ultimately become pincushion-shaped as shown in Fig. 2C, item 34. In 

addition, as shown in Fig. 2A, a gap D is formed between the plate and the device. 
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Within this gap, the base of each bump protrudes from the surface of the plate, 
thereby preventing the bump from adapting the identical shape of the pyramidal 
holes. Therefore, Yamaguchi does not disclose pyramidal bump electrodes having a 
shape identical to the shape of the etched pyramidal holes, as claimed. Likewise, 
Akira, Ochiai and Michihiko, either alone, or in combination with Yamaguchi, do not 
disclose this feature. 

Further regarding claim 34, and as explained in the interview, the method 
includes a step of filling up the etched pyramidal holes by plating a metal to form the 
pyramidal bump electrodes. None of the cited references, either alone, or in 
combination, teach or suggest this feature. For example, as shown in Figs. 2A, 2B, 
and 2C, Yamaguchi discloses the formation of pincushion-shaped bumps by pushing 
together a device (item 30) and a plate (item 10), such that the metal balls (items 26) 
located in the cavities of the plate, are heated, reshaped and transferred to the 
device (see column 6, lines 60-66 to column 7, lines 1-6). The reshaped bumps are 
then further heated to form the pincushion-shaped bumps shown in Fig. 2C. As 
such, Yamaguchi does not disclose filling up the etched pyramidal holes by plating a 
metal to form pyramidal bump electrodes, as claimed. The Examiner cites column 9, 
lines 17-20 to support the assertion that Yamaguchi discloses a step of filling up the 
etched holes by plating a metal to form the pyramidal bump electrodes. However, 
contrary to the Examiner's assertions, Yamaguchi merely discloses adding a metal 
layer to a plate to form a replica of the plate. Therefore, Yamaguchi does not 
disclose a step of filling up the etched pyramidal holes by plating a metal to form the 
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pyramidal bump electrodes, as claimed. Likewise, Akira, Ochiai and Michihiko, 
either alone, or in combination with Yamaguchi, do not disclose this feature. 

Regarding dependent claims 35-52 and 54-60, Applicants submit that these 
claims are dependent on independent claim 34, and therefore, are patentable at 
least for the same reasons discussed previously regarding the independent claim. 

Accordingly, Applicants submit that none of the cited references, taken alone 
or in any proper combination, disclose, suggest, or render obvious the limitations in 
the combination of each of claims 34-52 and 54-60 of the present application. 
Applicants respectfully request that these rejections be withdrawn and that these 
claims be allowed. 

In view of the foregoing amendments and remarks, Applicants submit that 
claims 34-52 and 54-60 are in condition for allowance. Accordingly, early allowance 
of such claims is respectfully requested. 
Allowable Subject Matter 

Applicants thank the Examiner for the indication that claim 53 is allowable 

over the prior art. 

To the extent necessary, Applicants petition for an extension of time under 37 
CFR 1 .136. Please charge any shortage in fees due in connection with the filing of 
this paper, including extension of time fees, or credit any overpayment of fees, to the 
deposit account of Mattingly, Stanger & Malur, P.C., Deposit Account No. 50-1417 
(referencing attorney docket no. 500.38090X00). 

Respectfully submitted, 
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© Method of manufacturing a semiconductor device by electroless metallisation. 



© By using an electroless metallization bath to 
which a stabilizer is added which suppresses the 
cathodic partial reaction, pyramid-shaped bumps 
(53) can be grown on the bond pads of semiconduc- 
tor devices without lateral overgrowth of the coating 
layer 3. The angle of inclination a is a function of the 
concentration of the stabilizer. 
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The invention relates to a method of manufac- 
turing a semiconductor device comprising bond 
pads which, after an activation treatment, are pro- 
vided with metal bumps in an electroless metal- 
lization process. 

Wet-chemical processes play an important role 
in the manufacture of electronic components, both 
in the removal (etching) and in the deposition of 
materials (plating). When semiconductor devices 
(ICs and LSIs) are mounted on a circuit, the bond 
pads of the semiconductor devices are provided 
with projecting metal contacts (so-called bumps), 
after which said bumps are connected to the circuit 
by bonding, welding, soldering or thermocompres- 
sion (so-called flip chip principle). By TAB (tape 
automated bonding) ICs can be provided on a 
flexible tape comprising circuits. 

Such a method is known from European Patent 
Application EP-A 308971 . A semiconductor device 
comprising aluminium bond pads is first subjected 
to an activation treatment with an aqueous 
palladium-salt solution and then provided with nick- 
el bumps. For this purpose, an electroless nickel 
bath is used. 

Such electroless metallization processes are, in 
principle, isotropic, i.e. the deposition rate of the 
metal is equal in all directions. In the case of 
substrates comprising a thin coating layer in which 
apertures are formed which define the bond pads 
and which are to be metallized, lateral overgrowth 
of the coating layer takes place in the metallization 
process as soon as the metal layer has completely 
filled the aperture in the coating layer. In the case 
of semiconductor devices, said coating layer (also 
termed passivating layer) consists mostly of Si0 2 
or S13N4. The metal bumps project from the coat- 
ing layer and, as a result of lateral overgrowth, 
partly cover said coating layer. As a result of the 
increasing miniaturization the risk of a short-circuit 
between adjacent bumps increases. 

One of the objects of the invention is to sup- 
press and even preclude the above-mentioned lat- 
eral overgrowth of the coating layer. 

According to the invention, this object is 
achieved by a method as described in the opening 
paragraph, which method is characterized in that 
the bumps are provided in the form of a pyramid 
having flat faces by using an electroless metal- 
lization bath to which a stabilizer is added in an 
effective concentration. Electroless metallization 
baths contain metal ions and a reducing agent. 
During the metallization process, reduction of the 
metal ions to metal (the so-called cathodic partial 
reaction) and, simultaneously, oxidation of the re- 
ducing agent take place. The stabilizer which is 
added in accordance with the invention has the 
property that the reduction of the metal ions is 
suppressed. The presence of such a stabilizer 



leads to anisotropic metallization of the bond pads, 
as a result of which pyramid-shaped bumps having 
flat faces are formed, while lateral overgrowth of 
the coating layer is precluded. It is assumed that 

5 said anisotropic metallization is caused by differ- 
ences in mass transport of the stabilizer. The 
edges of the bond pad to be metallized are subject 
to a larger mass transport than the centre of the 
pad. By adjusting the concentration of the stabilizer 

70 it becomes possible to poison the edges of the 
bond pad, so that metallization is precluded at the 
edges, but continues in the centre of the pad. 
Continuous metallization leads to a further lateral 
diffusion of the stabilizer towards the centre of the 

is growing bond pad, as a result of which the growth 
of the surface area decreases as a function of time. 
The result is a metal pyramid having fiat faces. 
Faces are to be understood to mean herein the 
oblique faces and the upper face. Lateral over- 

20 growth of the coating layer does not take place. 

An embodiment of the method according to the 
invention is characterized in that a lead salt is used 
as the stabilizer. Said lead salt must be dissolvable 
in the electroless metallization bath. Suitable lead 

25 salts are, for example, lead acetate and lead ni- 
trate. 

Another suitable embodiment of the method 
according to the invention is characterized in that a 
cadmium salt is used as the stabilizer. Suitable 
30 cadmium salts are, for example, cadmium acetate 
and cadminium nitrate. 

An embodiment of the method according to the 
invention is characterized in that the concentration 
of the stabilizer is 0.1-1.5 mg per litre. Higher 
35 concentrations lead to a complete discontinuation 
of the metallization process. Lower concentrations 
lead to isotropic growth of the bond pads and, 
hence, to lateral overgrowth of the coating layer. 
A suitable electroless metallization bath is, for 
40 example, a nickel bath comprising a nickel salt, 
succinic acid and hypophosphite in water. Other 
metals which can be electrolessly deposited are, 
for example, copper and gold. 

If necessary, the metal bumps can be provided 
45 with a thin coating of gold, tin, copper or solder. 
Said materials are more ductile than electroless 
nickel and enhance the soldering process with the 
circuit to be connected. 

The invention will be explained in greater detail 
50 by means of exemplary embodiments and with 
reference to the drawings, in which 

Fig. 1 diagrammatically shows a part of a cross- 
section of a semiconductor device having 
bumps obtained by the method according to the 
55 state of the art, 

Fig. 2 diagrammatically shows a part of a cross- 
section of a semiconductor device comprising 
bumps obtained by the method according to the 
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invention, 

Fig. 3 diagrammatically shows a part of a cross- 
section of a semiconductor device comprising 
bumps obtained by the method according to the 
invention, and 

Fig. 4 diagrammatically shows a part of a cross- 
section of a semiconductor device comprising 
bumps on aluminium bond pads, said bumps 
being obtained by the method according to the 
invention. 

Exemplary embodiment 1. (not according to the 
invention) 



Fig. 1 diagrammatically shows a part of a 
cross-section of a semiconductor device, in which 
reference numeral 1 denotes a n silicon substrate 
on which a 07 urn thick SiC>2 layer 3 is provided in 
a customary manner (for example CVD or spin-on- 
glass). Recesses having dimensions of 100 x 100 
urn are lithographically formed in said layer 3. The 
silicon surface is activated by palladium nuclei by 
means of an electrochemical exchange reaction in 
a diluted PdCb/HF solution. The activation bath 
contains per litre 5 mg of PdCfe, 175 ul of con- 
centrated HCI, 1 % of HF and is used at a tempera- 
ture of 70 ' C for 60 seconds. After rinsing with 
water, the silicon substrate is immersed in an acid 
electroless nickel bath having the following com- 
position: 

0.07 mol/l of nickel sulphate 
0.01 mol/l of nickel acetate 
0.1 mol/l of succinic acid 
0.1 mol/l of H3PO2. 

Using ammonium hydroxide, the pH-value is ad- 
justed to 4.5. The temperature of the bath is 90 *C. 
Under these conditions, the deposition rate is 20 
urn per hour. The residence time of the silicon 
substrate in the bath is 20 minutes, so that the 
nickel layer formed (bump 51) has a thickness of 
approximately 7 urn. Due to the absence of a 
stabilizer in the electroless nickel bath, the degree 
of lateral overgrowth on the SiC^ -layer 3 is com- 
parable to the layer thickness, which is a result of 
the isotropic character of the metallization process. 

Exemplary embodiment 2. 



Exemplary embodiment 1 is repeated, with this 
difference that the electroless nickel bath also con- 
tains 0.5 mg/l of lead acetate as the stabilizer. In 
this case, the nickel bump formed has the shape of 
a truncated pyramid 52 (Fig. 2) the faces of which 
are flat. Lateral overgrowth of the SiC>2 coating 
layer 3 does not take place. 

Exemplary embodiment 3. 



Exemplary embodiment 1 is repeated, with this 
difference that 1 .5 mg/l of lead acetate is added to 
the electroless nickel bath. The nickel bump 
formed has the shape of a truncated pyramid 53 

5 (Fig. 3) having flat faces and the angle of inclina- 
tion a enclosed by the oblique faces and the silicon 
substrate 1 being smaller than the angle obtained 
in accordance with exemplary embodiment 2. If the 
metallization process is continued (i.e. in this case 

10 longer than 20 minutes) a pyramid without trunca- 
tion will be formed (see dotted line 7 in Fig. 3), 
after which metallization stops. Lateral overgrowth 
does not take place. 

75 Exemplary embodiment 4. 

Exemplary embodiment 1 is repeated with a 
lead-acetate concentration of 2 mg/l in the elec- 
troless nickel bath. In this case, no nickel deposi- 
20 tion at all takes place. This is also the case when 
the lead-acetate concentrations exceed 2 mg/l. At 
said concentrations, the surface to be metallized is 
completely poisoned. 

25 Exemplary embodiment 5. 

Fig. 4 diagrammatically shows a part of a 
cross-section of a semiconductor device. Said de- 
vice comprises a silicon substrate 11, a sputtered 

30 aluminium bond pad 15 having a thickness of 0.5 
um and dimensions of 100 x 100 um. A 0.7 um 
thick Si0 2 layer 13 is present on the substrate 11, 
in which Si02 layer an aperture is lithographically 
formed at the location of the aluminium bond pad 

35 15. The aluminium surface is activated with a zin- 
cate solution as described in United States Patent 
Specification US 4,205,099. The natural oxide skin 
of the aluminium is removed and replaced by a 
very thin zinc film (not shown). Subsequently, the 

40 zinc is substituted by the nobler nickel in an elec- 
troless nickel bath according to exemplary embodi- 
ment 1. Lead acetate is added to said nickel bath 
in a quantity of 1 mg/l. After 20 minutes a nickel 
bump 54 has formed which has the shape of a 

45 truncated pyramid with flat faces and which does 
not exhibit lateral overgrowth of the SiC>2 coating 
layer 13. 

Claims 

50 

1. A method of manufacturing a semiconductor 
device comprising bond pads which, after an 
activation treatment, are provided with metal 
bumps in an electroless metallization process, 
55 characterized in that the bumps are provided 

in the form of a pyramid having flat faces by 
using an electroless metallization bath to which 
a stabilizer is added in an effective concentra- 
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tion. 

2. A method as claimed in Claim 1 , characterized 
in that a lead salt is used as the stabilizer. 

5 

3. A method as claimed in Claim 1 , characterized 
in that a cadmium salt is used as the stabilizer. 

4. A method as claimed in Claim 2 or 3, char- 
acterized in that the concentration of the stabi- 10 
lizer is 0.1-1.5 mg per litre. 

5. A method as claimed in Claim 1, 2, 3 or 4, 
characterized in that a nickel bath is used as 

the electroless metallization bath. 75 
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ABSTRACT : PROBLEM TO BE SOLVED: To improve the reliability of the junction of bumps formed on 
a semiconductor device and corresponding lands on its substrate. 

SOLUTION: Specified conductive members are fed to electrodes 10B formed on one face 
1 0A of a semiconductor device 10 and molded like cones 12 on the electrodes. Owing to 
this, if the pitch of the electrodes 10B of the device 10 is small, each bump 12 thereof can 
be surely joined to corresponding electrode 1 1 A of the substrate 1 1 when the device 1 0 is 
mounted on the substrate 1 1 whereby poor connection can be avoided to realize a 
semiconductor device and manufacturing method and packaging method thereof wherein 
the reliability of the mounting on the substrate can be improved. 
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ABSTRACT : 



PURPOSE: To enable small bumps to be collectively formed with a high yield at a low cost 
and arranged at a fine pitch through a simple process by the use of solder balls. 

CONSTITUTION: Solder balls 5 are transferred onto the electrode pads 2 of an integrated 
circuit chip or a board 1 through the intermediary of an adhesive tape 6 by the use of a 
silicon template 4 where pits 3 of uniform shape are provided through an anisotropic 
etching technique and turned into solder bumps 7 by reflow. By this bump forming method, 
bumps arranged at a fine pitch can be collectively formed through a simple process and 
consequently lessened in cost. 
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ABSTRACT : PROBLEM TO BE SOLVED: To reduce the size of a semiconductor chip while 
maintaining the connection strength between each inner lead and a bump. 

SOLUTION: A bump 1 1 2 is formed on each pad 111 of a semiconductor chip 1 1 , and an 
inner lead 13a is connected to the bonding surface 1 12a of each bump 112. Since the 
bonding surface 1 12a is inclined by an angle of approximately sixty degrees to the surface 
of the semiconductor chip 1 1 , it becomes possible to be nearly half of the occupying area 
of each bump 1 12 on the semiconductor chip 11. Accordingly, it possible to reduce the 
size of the semiconductor chip 1 1 itself, maintaining the connection strength between each 
inner lead 13a and a bump 112. Besides, each bump 1 12 has a probing surface 112b to 
be brought into contact with a probe for testing an electric performance, on the rear side to 
the bonding surface 1 12a, so it is possible to prevent the bonding surface 1 12a from being 
roughed by being touched by probes. 
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l/0>*. .-tf^f^ V^ffll 1 2ali SffiBl 
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o t {mishit t vmmz'nbti& . 

[ 0 0 1 9 ] at. £tf)W<0¥3»|5tSB i oiBt^aic 



»«SiT^:^»w*ai«tf-3rri l.ii, 5 

4t*«2 1. 2 1 , -KioTEffiSilTfr.&^'Jrjy 
»>x/N2fc . Ay7'£^l£tl>£toOSfflOi>-'J:jy<7 
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*7*hU^hfce?LT, HIPfr*Ufc7*M^>'* 
Xhvx^ 1 1 5 

[0 0 20] H7 (d) {C^-Tiat. 
•7x^3±C0^®(;7 3}- M/y'Xh^ifliL, 7*h'J 
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k o ta - •» r i i (co^t . 04 t^-r 

ri i±fcnwtL!ta. hi 

(- . ft SSfJcM >■ 'J - K 1 3 a tf5ftttaw*^fy r 
> /if 1 1 2 a^fi^fclSI CftKcOr-^Wftft^ix 
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•y ^ 'J >-7"ffi(Cj: ■oT>< l J TX9)Vm 1 1 3 £l&J!-r 
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ft. -Ofifc. 014 (g) (c"St«J:at. yN>7*ilS7 
«0#[B»7 aWh^fSFjft«HlL^l 1 2y*fl*f*tC 
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